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Abstract 
In this work we study the contact resistance introduced through the P2 laser patterning of a-Si:H PV. The process is 
evaluated for different transparent conductive oxides (TCO) of interest and significant irradiation condition. In particular we 
study the ablation process for the a-Si structure deposited in AZO and SnO2. Backscribing and direct writing configuration 
for ns and ps pulse duration, using visible wavelengths (532nm) and UV (355 nm) were investigated. A comparison of the 
contact resistance Rc and the open circuit resistance Roc for different scribing procedures is presented. The results obtained 
from the morphological and electrical studies of the P2 scribes are used to assess the quality of the formed contact. Non-
optimized scribes can lead to very low quality contacts with the formation of Schottky barriers or non-ohmic contacts 
leading to final devices presenting anomalous JV characteristic and low fill factors. 
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1. Motivation / State of the Art 
Photovoltaic (PV) modules based on thin film technology (amorphous silicon, CIGS, etc.) require, in most 
cases, three scribing steps (P1, P2, P3) for their electrical monolithic interconnection. Full optimization of the 
laser processes employed in the fabrication of a-Si modules is a fundamental issue in laser technology applied 
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to PV production. Non optimized scribes can generate photoinduced defects with the consequent influence in 
the final device: increase of leakage currents, dislocations formation, internal resistance modification, loss of 
ohmic contacts, debris shunting, etc. In the industrial manufacturing of the thin films photovoltaic modules 
based on hydrogenated amorphous silicon, laser scribing plays a fundamental role. Lasers are perfect tools for 
cell isolation and electrical interconnection photovoltaic technologies, due to the high selectivity of the 
interaction process, with minimum debris and limited thermal affection for the material with high speed 
process. The second P2 laser patterning removes the silicon thin film layers. For devices based on the 
superstrate structure, P2 scribes are normally done by back scribing irradiation techniques, i.e illuminating 
through the glass substrate taking advantage of the transparency of substrate and front contact. This allows the 
serial electrical connection between individual solar cells with the ensuing back contact deposition. However, 
when this laser step is not completely optimized, short circuits are generated by tongues, flakes of unremoved 
material, normally spoiling the electrical performance of the device. For non transparent substrates, devices are 
generally deposited in the substrate configuration and the laser patterning has to be performed directly from the 
film side, but the considerations about scribe quality and ulterior influence on the device are similar to that 
stated for superstrate configuration.  
This work presents an original approach for the P2 process optimization performed in small lab cells. The 
advantage to this approach is that any variation in the device performance due to quality of the P2 laser scribe 
and contacts deposition is more evident in limited areas (short distances) that modules with large area cells. 
Important aspects like the influence of laser energy, laser fluence and the potential damage to adjacent layers 
are addressed for film side ablation and for substrate side ablation. 
2. Experimental 
For this study we have used p-i-n a-Si:H thin film solar cells, deposited in a dual chamber plasma enhanced 
chemical vapor deposition reactor (PECVD) onto  AZO, SnO2/Glass and SnO2:F glass substrate (commercially 
available Asahi-U type). The cell total thickness was estimated to be around (400nm). An aluminum back 
contact was thermally evaporated with a typical thickness of around 200 nm. The achieved solar cells 
efficiency was about 7%. 
The P2 process has been mainly done at a wavelength of 532 nm, using a Nd:YVO4 diode pumped solid 
state laser (DPPS) with 15 ns pulsewidth and with an irradiance distribution corresponding to a fundamental  
(TEM00) Gaussian mode. The fundamental IR (1064 nm) frequency is doubled to green light by second 
harmonic generator. The laser beam is focused on the sample surface through an optical system and a digital 
scanner (scanning speeds up to 10 m/s). Part positioning is assured through three cartesian axes. XY movement 
is driven by linear motors with accuracy around 5 m. Vertical Z axis is controlled by a stepper motor and is 
used to bring the part to the laser focus. Additionally, and in order to compare with the precedent study, a 
DPPS Lumera Super Rapid laser was employed emitting at 355 nm width of a pulse width <12 ps, and a 
fundamental Gaussian emission mode as well. The bottom of the generated groove and the ablation profile was 
analyzed by a Leica DCM3D confocal laser scanning microscope, with vertical resolution of 20nm. Additional 
morphological and compositional information is achieved by means of SEM and EDX analysis. Electrical 
characterization (contact resistance measurement and J/V characteristics), was performed with a Keithley 2400 
sourcemeter in the 2-4 probe configuration settings. JV characteristics were measured in dark and under 
calibrated 100mW/cm2 AM1.5G irradiance. The main photovoltaic parameters i.e. short-circuit current density, 
open-circuit voltage, fill factor (FF) and efficiency have been obtained.  A sketch of the experimental design 
can be seen in figure 1. With this structure, the aluminum/TCO contact resistance and the contact resistance 
induced by P2 scribes have been evaluated using four point TLM methods [1]. It is also possible to compare the 
JV characteristics of a given cell by measuring through different P2 scribes. The final device include P3 
isolation processes whose effect have already been studied in previous works of the authors [2] in which the 
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decrease in shunt resistance Rsh and the worsening of the dark electrical characteristics for different conditions 
of P3 were analyzed. The formation of metal flakes and debris was found to be related with the pulse overlap 
and energy density of the laser cut. So with this previous experience a comprehensive discussion of the effect 
of the P2 scribes themselves can be addressed.  
 
 
 
Fig. 1. (Left) Lab cells used for the irradiation experiments; (Right) Sketch of the sample structure (Ri subcells) 
3. Results and Discussion 
The study demonstrate that with a not completely optimize P2, even with no reduction of the TCO thickness, 
the electrical behavior of the device can be dramatically affected. The presence of traces of silicon, or products 
resulting from the laser interaction such as oxides, allotropic or morphologic changes, etc. at the interfaces, can 
2). 
These effects, and their fingertip in the anomalous JV characteristic curves for the device, must be considered 
as a valuable tool for full optimization of the monolithic interconnection process in a-Si:H thin film 
photovoltaic modules. 
Fig. 2. (Left): JVI measurements through P2 laser processes incident from the film side (picoseconds) and from the substrate side 
(nanoseconds) (Middle): Roc increases, the efficiency drop from 8% to 6,5%. (Right) JVI curves with different P2 scribes.  
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